Regulated urine concentration takes place in the renal collecting duct upon arginine vasopressin (AVP) 21 stimulation, where subapical vesicles containing aquaporin-2 (AQP2) are inserted into the apical 22 membrane instantly increasing water reabsorption and urine concentration. The reabsorped water exits 23 via basolateral AQP3 and AQP4. Upon long-term stimulation with AVP or during thirst, expression levels 24 of both AQP2 and AQP3 are increased, however, there is so far no evidence for short-term AVP 25 regulation of AQP3 or AQP4. To facilitate the increase in trans-epithelial water transport, AQP3 may be 26 short-term regulated via changes in protein-protein interactions, incorporation into lipid rafts and/or 27 changes in steady state turn-over, which could result in changes in the diffusion behavior of AQP3. Thus, 28
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we measured AQP3 diffusion coefficients upon stimulation with the AVP mimic forskolin, to reveal if 29 AQP3 could be short-term regulated by AVP. k-Space Image Correlation Spectroscopy (kICS) analysis of 30 time-lapse image sequences of basolateral EGFP-tagged AQP3 (AQP3-EGFP) revealed that forskolin 31 mediated elevation of cAMP increased the diffusion coefficient by 58% from 0.0147 ± 0.0082 µm 
)). Immunoelectron microscopy showed 35
Introduction 39 A basic epithelium separates two biological compartments and generates a barrier allowing selective 40 transport of water, ions and nutrients. Water transport across an epithelium is facilitated via specialized 41 water channels called aquaporins (AQP), which are a family of homotetrameric transport proteins. Each 42 monomer contains a water selective pore capable of mediating passive trans-epithelial water transport 43 following an osmotic gradient (13, 40) . Several different aquaporins are expressed in the human kidney, 44
where they facilitate urine concentration and regulation of body water homeostasis (for reviews please 45 see (32, 36) 
Image acquisition and drug treatments 119
For imaging of AQP3-EGFP, AQP3-myc-EGFP and QD-labeled AQP3-myc-EGFP, coverslips were fitted in a 120 temperature controlled incubation chamber with imaging media (DMEM low (Gibco) without phenol red 121 supplemented with 10% BSA, 1% PSK and 25 mM HEPES). For QD labeled cells, forskolin stimulation was 122 done at two different conditions. First, cells were pretreated with 50 µM forskolin (Sigma) in culture 123 media for 30 min at 37 o C before labeling. Alternatively, cells were exposed to forskolin in the live 124 incubation chamber for 15 min following labeling, followed by image acquisition. To depolymerize actin 125 fibers, cells were treated with 1 µg/ml cytochalasin D (Sigma) in culture media and incubated at 37 o C for 126 30 min before labeling. Similarly, to disrupt microtubules, cells were incubated with 10 µM nocodazole 127 (Sigma) in the media at 37 o C for 30 min prior to labeling. Regular wide field epifluorescence microscopy 128 was performed at 37°C on a Zeiss Axiovert 200M Inverted Fluorescence Microscope equipped with a 63x 129 oil-immersion lens (NA 1.4) and a Xenon lamp. EGFP was excited using a D480/40 excitation filter and 130 detected through a D535/50 emission filter (Chroma). QDs were imaged using a D560/40 excitation 131 filter, and a D630/60 emission filter (Chroma). Images were collected with a Photometric CoolSnapTM 132 HQ camera from Roper Scientific controlled by MetaMorph acquisition software. For QD imaging, a 133 single EGFP image was obtained followed by acquisition of 500 frames with an integration time of 20 ms 134 at 4.1 Hz. The shutter was kept open throughout the image acquisition. Spinning disk microscopy was 135 performed at 36°C at the basal plasma membrane on a Nikon Ti eclipse inverted microscope equipped 136 with a Yokogawa spinning disk unit and an Andor EMCCD camera (model Andor iXon EM +). Stacks 137 composed of 600 frames were acquired with 30 ms integration time at a resulting frame rate of 9.2 Hz. 138 491 and 615 lasers were used to excite EGFP and RFP, respectively. Emission filters 525/39 and 593/40 139 were used. All experiments were repeated minimum 3 times. 140
Measurement of diffusion coefficients by kICS analysis 141
Image stacks were imported into Image J (45) and crops including no moving membrane, holes or 142 moving cell organelles, were selected. The crops were analyzed using the kICS code in MATLAB (18). For 143 all crops the same settings were used, the maxiumum number of time lags (τ) was set to 6 and the 144 maximum k 2 value was set to 20. The diffusion coefficients were furthermore imported into Excel, and 145 averaged over all crops from one dataset. For each stimulation an average diffusion plot was generatedand is shown in figure 1-3 The lipid incorporated domain of Lyn kinase alone (used here) is enough to target tdRFP to membranes. 211
Spinning disk microscopy of the basal membrane and subsequent kICS analyses revealed that Lyn-tdRFP 212 was quite immobile in the plasma membrane compared to AQP3-EGFP. Forskolin stimulation did not 213 alter Lyn-tdRFP diffusion which was 0.0089 ± 0.0121 µm 2 /sec compared to DMSO treated 0.0093 ± 214 0.0088 µm 2 /sec (figure not shown). Thus, forskolin had no effect on the mobility of To compare our data from kICS analysis of EGFP-tagged AQP3 with conventional QD labeling, a 10 amino 216 acid c-myc tag was inserted into the second extracellular loop for antibody and subsequent QD labeling. 217 C-myc insertion between amino acid 133 and 134 resulted in correct localization of AQP3-myc-EGFP to 218 the plasma membrane (Figure 2A) , indistinguishable from wild-type AQP3-EGFP ( Figure 1A ) in the vast 219 majority of cells. We first tested if the c-myc insertion as well as QD labeling had an effect on AQP3-220 EGFP diffusion, spinning disk microscopy was also performed on AQP3-myc-EGFP (not labeled with 
Forskolin did not change plasma membrane localization of AQP3-EGFP 270
To test if forskolin treatment induced changes in plasma membrane localization of AQP3-EGFP, 271 immunogold electron microscopy was performed on DMSO and forskolin treated cells grown on 272 transwell filters. As a control for antibody specificity, untransfected cells were included. As seen in figure 5 (DMSO treated), AQP3-EGFP localized to the lateral (Fig 5, panel D) and basal membranes (not 274 shown) with little intracellular (Fig 5, panel B) and apical staining (Fig 5, panel C) . Forskolin did not seem 275 to change the plasma membrane localization of AQP3-EGFP (Fig 6, panel B and C) , and images were not 276 noticeable different from DMSO treated. No staining of plasma membranes were observed in non-277 transfected cells (Fig 7, panel B) . 278 279 Discussion 281 Diffusion of AQP2 has been shown to decrease upon forskolin stimulation (48), whereas forskolin 282 stimulation had no effect on diffusion of proximal tubule AQP1 (48). It was hypothesized, that the 283 change in diffusion of AQP2 upon forskolin stimulation could be involved in regulating AQP2 in the 284 membrane, via regulation of endocytosis (15) of the basolateral plasma membrane is much larger than the apical due to extensive invaginations and 296 AQP3 is constitutively present in the membrane (49). Thus, the basolateral plasma membrane may not 297 require extensive adaptation to short-term AVP mediated increases in water flux, as is seen in the apical 298 membrane where AQP2 is inserted into the membrane upon elevation of cAMP. Immuno electron 299 microscopy showed no apparent difference in plasma membrane localization of AQP3-EGFP, so the 300 finding that lateral diffusion of AQP3 significantly increases upon forskolin stimulation suggests that 301 indeed adaptation of AQP3 via changes in protein-protein and/or protein-lipid interactions occurs. 302 Future studies will be needed to elucidate the underlying mechanisms for basolateral adaptation to AVP 303 mediated water flow. 304
The diffusion coefficients measured by Verkman and colleagues, were obtained using FRAP analysis of 305 AQP1 and AQP2 in the membrane of cell-cell contacts (48). FRAP and SPT analyses are widely used to 306 calculate diffusion coefficients of fluorescently labeled and QD-coupled proteins, respectively. In 307 contrast to FRAP analysis, SPT analysis provides not only diffusion coefficients but also reveals diffusion 308 behavior and trajectories of single proteins. However, SPT analysis is a very time-consuming process 309 since hundreds of trajectories need to be analyzed to extract the average diffusion coefficient. Recently, 310 image correlation spectroscopy has been used to calculate diffusion of bulk fluorescently labeledproteins (18) . Using this technique to analyze diffusion of plasma membrane proteins has several 312 advantages over both FRAP and SPT analysis. FRAP analysis will only measure replacements of a mobile 313 pool of proteins and SPT is extremely labor intensive, and moreover, only a fraction of proteins are 314 labeled with for example QDs. Furthermore, labeling with QDs requires insertion of an extracellular tag, 315 which might interfere with protein localization and function, and for some proteins, is not possible. Due 316 to the bulk weight of the QD, protein diffusion is slowed down (27), which might be due to, 1) the added 317 steric of the larger probe which affects diffusion, and 2) the pluri valency of the QD probes induces 318 cross-linking. 319
We used kICS analysis to measure diffusion coefficients of AQP3-EGFP, which we could compare to 320 diffusion coefficients obtained from unlabeled AQP3-myc-EGFP as well as QD labeled AQP3-myc-EGFP. 321
Interestingly, we observed that inserting the c-myc-epitope into the second extracellular loop of AQP3 322 caused an increase in steady state diffusion of AQP3-GFP without compromising plasma membrane 323 localization. Apart from possible changes in folding, there could be intracellular/extracellular conditions 324 that enhance the diffusion of the engineered protein. If we had only used conventional QD SPT, we 325
would not have noticed this difference, as we would have no control to test the effect of diffusion when 326 inserting the c-myc tag. Thus, kICS is a powerful tool to measure diffusion coefficients without the need 327 to tag proteins with an extracellular epitope. 328
Disruption of the cellular cytoskeleton was found to diminish the regulated water transport in toad 329 urinary bladder and kidney collecting ducts in rat (8, 25, 46) , however, no changes in AQP3 diffusion was 330 observed upon disruption of the actin or microtubule cytoskeleton, indicating no changes in possible 331 physical interactions. Disruption of the actin cytoskeleton has previously been shown to reverse 332 forskolin mediated decrease in diffusion of AQP2 (48), indicating a role of actin in vasopressin mediated 333 AQP2 regulation. This difference might be due to the fact that AQP2 is regulated via vesicle shuttling, 334 whereas there is no evidence for basolaterally localized AQP3 vesicles. 335
Thus, elevated cAMP increased basolateral diffusion of AQP3, and thus, likely altered AQP3 interactions 336 with other proteins or lipids in the plasma membrane. Further studies will be needed to reveal the 337 underlying molecular mechanism regulating AQP3 diffusion and adaptation to short-term vasopressin 338 stimulation, which may be a physiological adaptation to the increased water flow mediated by apical 339
AQP2. 340
The grey line represents DMSO treatment, whereas the black line indicates forskolin stimulation. 
